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Abstract 
The adverse health effects of magnetic fields affecting electrical personnel are studied; the magnetic field at converter stations is 
generated by the rectifiers. Harmonic composition of the rectified current is analyzed. The article shows that a rectifier converter 
is a source of AC harmonic components and has a variety of magnetic forces, whose harmful effects on the staff have not yet 
been studied. The basic analytical relationships are given, allowing to estimate the levels of harmonic components and induced 
magnetic field parameters by calculation current. The calculation of magnetic fields based on harmonic components of the 
rectified current allows comparing the theoretical values against the experimental studies. Following the comparison of 
theoretical calculations and experimental magnetic field measurements, a conclusion is made about the harmful effects of the 
magnetic field of certain rectified current harmonics.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
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1.  Introduction 
A number of studies [1-6] shows that rectified voltage of a rectifier (RV) has a higher harmonics spectrum of the 
order (equation 1). 
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k m l  ,                                                                (1) 
where m – number of pulsations of the rectified voltage curve; l = 0, 1, 2, 3… positive integer. 
 
To account for health effects of the magnetic field of rectifier currents, we consider primary current of a 6-pulse 
rectifier. 
With perfectly smoothed rectified current (Xd=) and instant valve switching (Xɚ=0), the rectified primary 
current curve has rectangular or stepped shape. For the above conditions, the amplitude of the k-th harmonic of the 
primary current at 6-pulse converters is [2]: 
2 3 IdIk k kTS
 
  ,                                                                  (2) 
The value of the specified maximum rectified current of IdɌɉ  substation is determined by the formula 
T
dTɉ
dɧ
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U
 ,         (3) 
where Udɧ – nominal rectified voltage on substation bus bars (3.3 kV); ɊɌ   – train traction power set point (12700 
kW). 
2. Experimental  
2.1 Theoretical procedure  
For infinitely long wires with opposite currents, the magnetic field voltage can be determined from the expression 
for vector potential A of this field in accordance with Fig. 1. 
In addition to harmonics with ratio (1), harmonics having lower frequencies occur in the rectified current due to 
non-sinusoidal nature of the primary rectifier AC voltage [2]. 
 
 
Fig. 1. Diagram showing EMF generated by a source with two parallel wires with opposite currents (L of). 
All wire elements in the presented EMF source model [7] are directed along Y-axis, so the vector A has a 
changing component along Y-axis only. In this case, vector potential of the magnetic field can be determined from 
the relationship                                                                
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Assuming equality of currents in the "+" and "-" bus: Iɤ = Iɪ = I  and infinite length of wires in the network L o 
f we obtain 
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 ,                                                             (5)  
By differentiating the expression (4), we can derive the terms of the magnetic field intensity along Z and X axes 
1
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                                                (6) 
and total magnetic field intensity at the point M (Ɇ1 ; Ɇ2; Ɇ3)  as a vector sum of intensity along Z and X axes 
H H HM Z X
  
  .                                       (7) 
Substituting the expression from (6) to (5), we find 
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The module of the absolute value of magnetic field intensity vector from harmonic components at the point M can 
be found from the vector sum of the modules Hz and Hx  from the expression [7]:                 
2 2ɇ H Hz xɦ
  .                                                                                 (10) 
2.2 Materials 
 The calculated values of alternating currents of higher harmonic components, with a 6-pulse rectifier ( Tk =3,16) 
are given in Table 1. 
Table 1. Calculated values of alternating currents of higher harmonic components of the maximum rectified current (3849 Ⱥ). 
k fk,Hz Iɤ, Ⱥ ɇ, at z=0 ɇ, at z=1 ɇ, at z=2 MPL N (EU), Ⱥ/m 
  Traction substation machine room 
1* 50 - - - - 400 
2* 100 - - - - 200 
4* 200 - - - - 100 
6 300 224 14,73 16,82 14,73 67 
12 600 112 7,36 8,41 7,36 33,3 
18 900 75 4,93 5,63 4,93 24,4 
24 1200 56 3,68 4,21 3,68 24,4 
30 1500 45 2,95 3,38 2,95 24,4 
36 1800 37 2,43 2,78 2,43 24,4 
 * Harmonics, calculated values of (1) are not available, but recorded the experiments  
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Maximum permissible limits of magnetic field intensity (MF) with frequency up to 10 kHz are regulated in 
Russia for 50 Hz and 10 kHz. 
To date, regulation of MF up to 10 kHz is carried out in the European Union. When comparing the obtained MF 
levels (Table. 1) with the EU limits [8], the MF values stay within maximum permissible limits. 
2.3 Experimental method  
Experimental studies of the magnetic field have been carried out at traction substation [9-10] at the points No. 1-9 
under the bus bridge at RU-3.3 kV switchgear (Figure 2).
 
 
Fig. 2. Layout of bus bars from RU-3.3 kV unit from 3.3 kV rectifier circuit to VAB high-speed switches - top view. 
Table 2 shows the measurements [9, 10] of magnetic field intensity at points No. 1-9 under the bus bridge at RU-
3.3 kV switchgear of the traction substation. 
   Table 2. Measurement of magnetic field intensity (A/m) under the bus bridge at RU-3.3 kV switchgear. 
       No. 
 
fk, Hz 
1 2 3 4 5 6 7 8 9 ɇɧɨɪɦ, Ⱥ/m 
50 8 6 12 125 125 125 15 8,5 6,5 80 
100 6 5 5 8 10 9 6 5 4 Not regulated. 
200 2 1 1 5 7 7 3 2 2 Not regulated. 
300 3 2 2 10 10 5 11 3 3 Not regulated. 
Idk, Ⱥ 400 300 600 1000 1000 1000 750 420 350  
 
Table 2 shows that a certain MF intensity values correspond to individual current and frequency values. For 
points No.4-6, MF intensity is 125 A/m, which exceeds maximum MF values according to [11] by 1.56 times. There 
is a need to develop means of protection to reduce the duration of magnetic field exposure [12-20]. 
Table 3 shows MF values recalculated for maximum operating current in accordance with regulation method [11]. 
  Table 3. MF intensity values reduced to the maximum current (3849 Ⱥ). 
   
No. 
 
fk, Hz 
1 2 3 4 5 6 7 8 9 ɇregul, Ⱥ/m MPL N 
(EU), 
Ⱥ/m 
50 76,98 76,98 76,99 481 481 481 76,9 77,86 71,48 80 400 
100 57,73 64,15 32,08 30,79 38,49 34,64 30,79 45,8 43,99 Not regulated. 200 
200 19,24 12,83 6,416 19,24 26,94 26,94 15,39 18,32 21,99 Not regulated. 100 
300 28,87 25,66 12,83 38,49 38,49 19,24 56,45 27,48 32,99 Not regulated. 67 
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Based on Table 3, it can be concluded that the obtained MF values do not exceed the maximum permissible limits 
applicable in the EU [8]. For points No. 4-6, MF intensity recalculated for maximum rated current is 481.12 A/m for 
MF 50 Hz, which exceeds MF MPL according to [11] by 6.0 times, and EU MPL by 1.2 times. 
The negative inductive impact of higher harmonic components of AC current so far has been assessed in terms of 
its effect on operation of automatic equipment, remote control and communication systems. The above shows that 
harmonic components of rectified AC current can have detrimental health effects on rectifier substation personnel. 
3.  Conclusion 
On the basis of the material presented, the following conclusions can be made: 
 
x Rectified current of a rectifier converter has a spectrum of sinusoidal electric currents, and their magnetic field 
intensities may have a detrimental health effect on staff, which has not been considered so far as a scientific 
problem in Russia and abroad; 
x For example, it is shown that in railway traction electric grid, in particular, when 6-pulse rectifier transformers 
are used (Kuebler scheme), realizable power of electric locomotives generates magnetic field intensities in the 
vicinity, which may exceed the regulated levels for individual harmonic component frequencies. 
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